SAŽETAK

Cilj ovog rada je upoređivanje troškova tri neinvazivna dijagnostička ispitivanja kao početnih testova u tretmanu i otkrivanju perifernih arterijskih bolesti u Rumuniji. U Univerzitetskoj bolnici u Temišvaru u Rumuniji izvršena je analiza troškova tri vizuelna dijagnostička testa. Testovi su bili sledeći: arterijski dupleks ultrazvuk, kompjuterska tomografska angiografija i kontrastno-poboljšana magnetna rezonantna angiografija. Procena učinka dijagnostičkog testa je izvršena zajedno sa izračunavanjem stvarnih troškova svakog ispitivanja. Na kraju je izvršena ekonomska evaluacija različitih dijagnostičkih testova. U studiju je bilo uključeno 46 pacijenata (36 muškaraca i 10 žena). 46 odabranih pacijenata bilo je podvrgnuto ukupno 61-om dijagnostičkom testu pre terapijske odluke. I u smislu osetljivosti i specifičnosti, Dupleks ultrazvučno skeniranje i kompjuterska angiogr a fija pokazali su malu razliku u našoj studiji. Rezultati analize troškova pokazali su neto ekonomsku prednost ako se Dupleks ultrazvučno skeniranje primeni kao dijagnostička metoda u uslovima dobijanja sličnog efekta. U zaključku, Dupleks ultrazvučno skeniranje je tačno, sigurno i ekonomično u dizajniranju konačnog terapeutskog plana u PAB -u, posebno u femoro-poplitealnom segmentu.
INRODUCTION
Cardiovascular disease was mentioned as the first cause of morbidity, with an average rate of 2557 per 10000 people. Nearly half of this rate was ischemic arterial pathology with a different location than coronary or cerebral arteries (1) . According to a survey conducted by the National Agency for Health and Nutrition Examination (NHANES) in the United States in 1999-2000, there were approximately 8-10 million people with PAD. According to the same report, the PAD prevalence increases substantially with age for both genders, at a rate of 1.5-2 times per year. It has been estimated that incipient signs of PAD can be detected in 4% of the population over 40. This prevalence increases to 14.5% for people over 70 years of age (2) . People with PAD have 3 times higher risk for all causes of mortality compared to the general population (3) . Patients with symptomatic PAD have a 30% risk of death within 5 years of diagnosis and almost 50% after 10 years (4). The risk of death increases in patients with more severe disease requiring surgery. Regarding the costs of treating this pathology, Medicare (the US Health Insurance System) recorded an expenditure of $ 4.37 billion that has been steadily increasing over the time (5) .
A patient presenting to the general practitioner with intermittent claudication has a 50% chance of getting better, 25% chances for the disease to be stationary and 25% for the disease to evolve unfavorably. Of those with unfavorable evolution, 20% will need interventions and 8-20% will undergo major amputation (6) .
A preliminary diagnosis of intermittent claudication is usually done using the Edinburgh claudication questionnaire. Clinical examination in patients with PAD usually reveals a weak or absent pulse. The next step is represented by an ankle/brachial pressure index (ABPI) measurement. The patient is further investigated only if an invasive intervention is planned (7) .
There are several imaging techniques that can be used to asses lower limb vasculature prior to surgery. The rapid development of new imaging techniques makes choosing one of them for preoperative assessment more difficult. Nowadays, the classical gold standard investigation represented by digital subtraction angiography has been largely replaced by less invasive techniques such as contrast-enhanced magnetic resonance angiography (CE-MRA), multirow computed tomography angiography (CTA) and color-coded duplex ultrasound scanning of the artery (DUS). In DUS stenosis is graded by the ratio between the peak systolic velocity of the targeted/stenosed vessel and adjacent or contralateral nonstenosed vessels. This index is called the peak systolic velocity ratio (PSVR). Despite the large-scale adoption of DUS in vascular disease diagnosis, its use as a single investigation before revascularization of the inferior limb remains controversial.
Nowadays, PAD management demands vascular specialists to choose both the most appropriate diagnostic tests for a clinical situation and the most cost-effectiveones.
The aim of this paper was to compare the costs of three noninvasive diagnostic investigations used in PAD management. In order to do this, we followed a three steps strategy. The first step was to assess a selected group of patients with PAD and to analyze it in terms of diagnostic tests, patients' outcome and particularities related to the management of PAD. The second step consisted of the evaluation of the diagnostic performance of the above-mentioned techniques. Finally, the third step was the economic evaluation of the diagnostic tests.
PATIENTS AND METHODS
Study group
We conducted a retrospective clinical research study on patients with suspected PAD admitted between January 2008 and July 2010 at the Clinic of Surgery belonging to the University hospital in Timișoara, Romania. The study was carried out with the agreement of the Ethics Committee of the University hospital. Out of the total number of patients with symptoms raising suspicion of ischemic arterial disease on admission (489), a total of 46 patients who met the inclusion criteria were selected.
The inclusion criteria were represented by: complete information regarding the patient and the pathology in the study (collected from the medical observation sheet), complete and detailed information about the diagnostic test that determined the therapeutic decision (DUS, CTA and CE-MRA), and details about patient's follow-up. For surgical patients with revascularization techniques, the reference standard was the intraoperative findings. For the remaining patients, the reference standard considered was the patients' vascular status both during hospitalization and follow-up. The minimum period of follow-up was set at six months. Cases requiring readmission, less than 30 days after discharge for treating the same lesion, were reported as cases of unfavorable evolution.
The exclusion criteria were represented by: ischemic artery disease with a different location than lower limbs, the impossibility of following patient's status for a minimum period of six months and, for non-surgical patients, the impossibility to set the reference standard. There was a single exception from these exclusion criteria represented by a patient who died eight days after the vascular intervention.
The diagnostic criterion was represented by the critical stenosis or total occlusion detected in any segment of the entire lower limb. DUS was performed with a 5 MHz linear array transducer.
Diagnostic lesion when using DUS was considered, either an increase in PSVR of 2.5 which means a 70% reduction in the luminal diameter or absence of flow on color and power Doppler implying arterial occlusion. All CTA exams were performed on a 16 slice scanner. CE-MRA was performed on a 1.5-T imager. The decision on the appropriate treatment (revascularization procedures, amputation or conservative treatment) was made by a senior surgeon based on the reports and images of one or more (when required) of the following investigations: DUS, CTA, and CE-MRA. Revascularization procedure was chosen as the first option in the presence of no adequate outflow. When the outflow condition was poor, the option of either conservative treatment or amputation was selected according to the clinical features.
Evaluation of the Diagnostic Tests Performance
In order to assess the accuracy of the tests chosen to diagnose PAD, two reference standards were used in order to calculate the sensitivity, specificity, positive and negative predictive values, accuracy and classification error rate. The 2x2 tables of test performance/contingency (Table 1) were used in order to calculate the following indicators: 
Economic Evaluation of Three Diagnostic Tests Used in Deciding PAD Management
The choice of diagnostic test goes far beyond a simple assessment of the performances of an individual assay. In order to be able to choose the best diagnostic test, other aspects, such as patients' disease outcome and cost analysis should be considered.
In this respect, it is necessary to calculate the costs of the investigation and the general formulas for computing the real cost/investigation, regardless of the type of diagnostic test, are presented in Table 2 .
Table 2. The general formulas for calculating the real cost/investigations
Operational costs/month = Direct medical expenses + Indirect medical expenses + Non-medical expenses (when appropriate) Direct medical expenses = Expenditure on wages + Expenditure on materials + Capital costs (damping + wear/depreciation + maintenance service of the investigation equipment) Indirect medical expenses = Overhead/General costs (facility space cost, utilities, energy, etc) + Ancillary expenses (with staff not directly involved in the execution of the service -cleaning, porters, medical records, accounting service, office supplies)
Real cost/investigation = Operational costs per month/number of working days per month/number of working hours per day/number of investigations per hour Directly assignable costs included personnel costs, material costs (contrast agents, syringes, etc) and equipment costs. Personnel costs were calculated based on the estimated time spent performing a certain type of diagnostic test per month and the mean wages for each involved personnel category (including 43% tax charges). Costs of materials were calculated based on cost prices and summed for each test. The capital/equipment costs consisted of annual costs of imaging equipment and the annual costs of equipment maintenance. The costs for radiology equipment were computed using the annuitization method with a 5% annual discount/interest (9).
Depreciation of medical devices was made in accounting for a period of 5 years. The costs of maintenance of the equipment were 5% /year. The costs of radiology equipment as well as the costs of equipment maintenance were divided by the proportion of total available room time (80% of a 160-hour work month) (10) . Overhead/general costs have been calculated by estimating the costs of utilities, energy, special location conditions. Ancillary costs were not included because they were approximately equal in all three radiology tests studied.
Regarding the economic aspects involved in choosing the preferred diagnostic test, a cost-minimization analysis (CMA) was performed.
CMA measures and compares input costs when the outcomes of two or more options are assumed to be equivalent. This type of economic evaluation is often seen as being "Cinderella" of the Cost-effectiveness analysis. Many analysts consider this method a simple cost analysis. The difference between the two is represented by the fact that, when running a CMA, all possible consequences have to be highlighted and compared, and only if the differences among them are considered insignificant, the analysis can be performed (11) .
The cost side of a CMA equation is equivalent to that of the other methods used in Cost-effectiveness analysis. In CMA, the least expensive option is preferred. The results of the analyzed options can be compared in the matrix presented in Table 3 (9). Non-dominance: no obvious decisions 1 = accept option 2 = reject option 3 = accept option 4 = reject option 5 = reject option 6 = accept option 7 = Does added effect deserve added cost to adopt the option? 8 = Is the reduced effect acceptable, given reduced cost to adopt the option? 9 = Neutral on costs and effects, other reasons to adopt the option?
RESULTS
Patients' Characteristics
A number of 46 patients (36 male and 10 female) were included in the present study and the general characteristics (distribution by gender and age) of the patients are presented in Figure 1 . The diagnostic tests studied in our research were represented by arterial DUS for all the years of the study, CTA mainly for 2009 and 2010, and CE-MRA only for 2008. The type of diagnostic lesion was considered critical stenosis (>70% stenosis) or total occlusion detected in any segment of the lower limbs. The 46 patients selected have been subjected to a total number of 61 diagnostic tests prior to the therapeutic decision. During the hospitalization, the surgical patients were subjected to at least three evaluation exams while the medical ones have received at least one DUS evaluation. Regarding the follow-up period, the patients were examined at least twice with arterial DUS. The distribution of patients with suspected PAD lesions with respect to the diagnostic investigations was as follows: 32 patients were diagnosed with only one type of examination, while in 14 cases the diagnosis was based on information obtained by combining two or all three investigations ( Figure 2) . Based on the results from diagnostic tests, 38 patients were diagnosed with critical stenosis or total occlusion in one or more segments of the lower limb. According to the LericheFontaine classification, our study group was classified as shown in Figure 3 (12).
As we have already mentioned, the patients were differentiated not only on the basis of the diagnostic examination, but also on the type of therapeutic intervention (Figure 4 ). The lower percentage of surgical cases in the group examined with DUS was determined by the fact that in 7 cases DUS, in fact, excluded the presence of a critical stenosis/occlusion. Out of the 38 patients diagnosed with critical stenosis/occlusion of a lower limb artery, 10 patients (29%) underwent medical treatment and the 28 patients underwent the following types of arterial surgery: 47% revascularization procedures, 16% primary amputations, 8% sympathectomies.
Based on the information presented in Table 4 , we can draw conclusions about patient outcomes. As it can be seen, the percentage of surgical patients in the total number of PAD patients analyzed varied from 50% to 100% and appeared to be more related to the severity of the lesions than to the type of diagnostic test. The highest percentage of primary major amputations was recorded in the group investigated exclusively by CTA (33.3%). Cases requiring major amputations after the initial revascularization intervention were recorded in the DUS+CTA group (2 cases), DUS+CE-MRA group (1 case), and DUS group (2 cases). The highest percentage was recorded in the DUS+CTA group (22.2%). The percentage representing both primary and secondary major amputations was approximately 30%. Adverse developments recorded in the same hospitalization or the need for readmission to solve the same lesion was recorded both in the DUS group and in the DUS+CTA and DUS+CE-MRA. These paradoxically negative evolutions appeared to be the consequence of the PAD evolution rather than the applied diagnostic method. The number of days of hospitalization was constantly higher for patients who underwent surgery (average no days/hospitalization=27.35) than those who received drug therapy (average no days/hospitalization=12.72).
Assessment of Diagnostic Accuracy in the Critical Stenosis/Occlusion of Lower Limb Arteries
In order to establish the investigations accuracy in diagnosing PAD, we compared the results for the abovementioned tests. For all three selected tests, the contingency tables are presented in Tables 5, 6 and 7. 
After computing the quality indicators for each diagnostic test, a comparison was performed to assess the accuracy (Table 8) . Only the indicators for CE-MRA could not be considered reliable view the low number (< 10) of assay performed (13) .
Regarding the sensitivity, no significant difference was found between arterial DUS and CTA in the present study (93.5% vs. 93.3%). Similarly, no differences were found with respect to specificity for all three diagnostic tests.
Economic Evaluation of the Diagnostic Tests Used in PAD Management
The prices of diagnostic tests show rather large variation between the state system (i.e., the amount paid by the National Health Insurance system) and the private one, respectively. As neither of these prices are reflecting the real costs of the services, the real cost of the diagnostic tests used was computed. The cost assessment was performed from a health care provider perspective using the 2009 unit costs data in Euros (€), using the RON currency conversion when needed. The applied exchange rate was €/ RON = 1/4.21 (14) . No discount rate was applied due to the fact that the study was conducted for a period of less than five years.
The real costs calculated for DUS, CTA and CE-MRA are presented in Table 9 whereas a detailed explanation of these costs and prices is presented in Table 10 as follows: the real cost/investigation calculated in this paper and the other two prices, the one settled by the National Health Insurance (15) and the other settled by private practices (16) showing clear differences in prices among the analyzed imaging assays. There is a neat economic advantage if DUS is applied as a diagnostic method. Regarding the effect/consequences, we analyzed in this paper both performances of the tests and patients' outcomes. 
DISCUSSION
When choosing a diagnostic test, the cost, availability, acceptability, and usefulness of the diagnostic test must be taken into account in addition to the test performance. Knottnerus et al. proposed a strategy based on diagnostic performance, availability and acceptability, and, last but not least, its cost (17). Our study followed this strategy.
Firstly, we assessed the performance/accuracy of DUS compared to CTA and CE MRA. Regarding DUS and CTA, the values obtained in our study (Table 11) are consistent with those reported within a systematic review by Collins et al. that analyzed and compared the diagnostic accuracy for the assessment of critical limb stenosis/occlusion by means of DUS (20 studies), CTA (11 studies), and CE-MRA (17 studies), respectively (6). 
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The outcomes of our approach can be classified in a CMA matrix as "The same incremental effectiveness of option compared to control and a less incremental cost of the option compared to control". This means "Accept option with weak domination for the decision" (9).
According to their and our results, both DUS and CTA represent a good alternative to conventional angiography (CA). This conclusion was made only on the bases of the test performance. As for the discrepancies observed in the CE-MRA analysis, these are the effect of the small sample size, only 5 assays being performed.
Diagnostic performance/accuracy studies are neither able to compare tests on their final impact on patient outcomes nor to provide cost-effectiveness information.
Because high diagnostic accuracy does not always reflect in the clinical usefulness, the DUS ability to define treatment plans must be proven. There are several studies that have demonstrated the reliability of DUS in establishing the final treatment strategy in PAD (6, (17) (18) (19) (20) (21) (22) .
Data available regarding the confidence and reproducibility of DUS in the PAD management are controversial. A number of studies indicated a low confidence score obtained by DUS as compared to CE-MRA or CTA (23, 24) . Concerning the reproducibility of DUS results and the achievement of a higher inter-observer agreement, the literature is stating that a consensus is required with respect to the hemodynamic relevance of stenosis versus the degree of stenosis (20, 6) .
Availability, acceptability and costs are all important issues that need to be considered when choosing a diagnostic test. Our study was conducted at the University hospital where all the above mentioned diagnostic tests (DUS, CTA, CE-RMA, CA) were available. In terms of patient acceptability, DUS is particularly preferred view its non-invasive nature.
The real cost of the investigation for each of the diagnostic test examined (wages, material and contrast medium, capital costs, overheads) was calculated. Our findings are consistent with other studies that have used decision analysis models (25) . Moreover, when applying CMA, a similar conclusion was reported by Collins et al (6) .
Limitations of the study
The small sample of only 46 patients led to discrepancies with respect to the results regarding the diagnostic accuracy for CE-MRA versus data reported in the literature.
The cost analysis focused on the investigation costs without adding costs for applied surgical procedures or hospitalization. The only way to calculate the cost of hospitalization with surgical/medical treatment (hospital stay, surgical procedure, anesthesiology, intensive care, and clinical laboratory) was based on diagnosis-related group (DRG) prices that the National Health Insurance system paid for each case resolved. This cost was the same for all surgical/medical patients, without any difference related to the type of intervention suffered, the number of days of hospitalization or other differences between cases. Adding this cost would not help our intention to make a difference between the cases investigated by one or the other diagnostic test.
Also, no summary benefit measure was done; only individual clinical outcomes were reported.
CONCLUSIONS
DUS is accurate, safe and cost-effective in designing the final therapeutic plan for PAD, especially in the femoropopliteal segment provided that it is performed by an experienced specialist in a clinic with solid expertise in this respect. The present study will be used as a reference to future address the reliability in time of DUS in terms of cost-effectiveness in our hospital.
